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The ceramic material produced in the Ceramic 
Engineering Department of the University of Missouri-
Rolla has been tested to determine its magnetic proper-
ties. First the B-H characteristic, Q-factor and initial 
permeability were measured at different frequencies and 
the relative-loss factor was determined from the above 
results. 
The samples prepared were in the shape of toroids 
of approximately 8.0 em of mean length and were wound 
with standard insulated number 38 wire. The soft 
ferrite material was produced to determine whether or 
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This research topic was proposed by the Ceramic and 
Electrical Engineering Department of the University of 
Missouri-Rolla to the Emerson Electric Company to investi-
gate the relationship between preparation technique and 
electro-magnetic parameters of various mixed ferrites of 
This is a general 
chemical formula of spinel ferrites. Where A and B denote 
divalent metal ions, x denotes the fraction number of B 
ions, and Fe a trivalent iron ion. Compounds of this 
type form crystals of cubic symmetry. Spinel ferrites con-
taining manganese, magnesium, nickel and lithium have been 
widely investigated{l). Also ferrites containing zinc, 
cadmium, copper, and cobalt, as well as the various mix-
tures have also been studied( 2 ). 
It has also been observed that the properties of the 
ferrites thus formed depend upon the kinds of metal atoms 
and their proportions and geometric arrangement among the 
interstices of the close packed cubic array of oxygen atoms 
in the spinel structure( 3). Magnetite, the "Natural 
Ferrite" found in nature has the composition [Fe 3+] Fe 2+ 
Fe 3+ o4 where the ion in brackets occupies the tetrahedral 
site and the other cations occupy octahedral sites. Suit-
able atoms to replace iron include manganese, magnesium, 
2 
nickel, copper, cobalt, zinc or cadmium, which without 
iron form a non-magnetic materials. If the divalent iron 
is replaced by one of the above divalent ions, the 
resulting material is magnetic, but of very low permea-
bility. However, if the trivalent iron in the tetrahedral 
site is partially replaced by zinc and the divalent iron 
partially replaced by manganese as in the case of this 
thesis, the resulting material formed will have high 
saturation flux density and high permeability. 
The objective of this project was to develop a 
material with magnetic properties suitable for use in frac-
tional horsepower a.c. electric motors. This thesis deals 
with a part of that project and is confined to the measure-
ments of magnetic material developed in the Ceramic Depart-
ment and a tentative analysis of the application of the 
material in fractional horsepower a.c. motors. Four speci-
mens of toroid shape with a mean length of approximately 
8.0 em were tested for the B-H characteristics, Q, and 
initial permeability. The relative-loss factor was also 
determined from the above test results. 
The measurement of the dynamic hysteresis loop 
characteristics of ferro-magnetic material plays an impor-
tant role in determining the usefulness of a material in 
the production of a variety of useful devices. Figure 1 
shows a block diagram of an excitation and test circuit 













core material upon the screen of a cathode-ray oscillos-
cope(4). Q versus frequency curves for the specimens were 
determined by using the General Radio, Type l650A, impedance 
Bridge. 
The initial permeability (~ 0 ) of the specimens was 
determined by the dynamic hysteresis loop method at a very 
low flux density keeping in mind Rayleighs(S) Law for 
extrapolating the ~' H curve to zero field strength. 
Rayleighs method has been verified by Ellwood( 6 ) by measur-
ing loops having B = 2 to 100 gauss within acceptable 
m 
ranges of experimental error. The ~O of these samples was 
tested at 1,000 hertz and considered to be constant at all 
the frequencies in the representation of relative loss fac-
tor. Finally, this thesis deals with the comparison of 
measurements on a laminated iron sample insofar as these 
results pertains to small a.c. motor design. 
The type of core and core-sizes used are shown in 
Table l. All specimens were zn. 25Mn. 75 Fe2 o4 and were cal-
cined at 1050°C for 8 hours with the exceptions of Specimen 
No. 3 which was calcined for 4 hours. The sintering sche-
dule for the specimens varied as follows: 
1. l350°C for 20 hours 
2 . 1350°C for 10 hours 
3. 1200°C for 12 hours 
4. l300°C for 17 hours 
The details of the preparation and fabrication of the 
specimens are included in a thesis by Joel Michel.(lB) 
Internal External Thickness Cross- Mean Length Diameter Diameter Sectiona1 of Specimen em Core No. em em Area em em 
1 2.20 2.93 0.37 0.14 8.06 
2 2.23 2.97 0.37 0.15 8.16 
3 2.23 2.98 0.47 0.18 8.19 
4 2.25 3.00 0.38 0.14 8.25 
--- Ul 
Table I. Core Sizes 
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II. METHODS OF MEASUREMENT 
A. B-H Characteristics 
The measurement of the B-H characteristics of a 
toroidal shaped specimen was performed using the measure-
ment technique shown in Figure 1. A measuring and 
exciting circuit was used to display the dynamic hysteresis 
loop of the specimens upon the screen of the oscilloscope 
tube. 
This circuit includes means for impressing upon the 
vertical input of the cathode-ray oscilloscope a signal 
which is proportional to the flux density (B) in the test 
specimen; and upon the horizontal input of the cathode-ray 
oscilloscope a signal which is proportional to the 
magnetizing force (H) acting on the specimen under test. 
The primary circuit consists of an audio oscillator 
of appropriate frequency range, audio amplifier, a 
winding of N turns on the test specimen,an ammeter and p 
a resistor R . p The instantaneous voltage drop (ER) across 
RP is applied to the horizontal terminal of the cathode-
ray oscilloscope which for a mean length L of the specimen 
m 
is related to the magnetizing force (H) by the equation: 
E = ~ Lm 
R 0.4TINP 
• H 
which is derived(l 4 ) in Appendix A. 
( 2. 1) 
7 
The secondary of the test circuit includes a secon-
dary coil of N turns wound on the specimen and an RC 
s 
integrating circuit. The instantaneous voltage drop (E8 ) 
developed across the capacitor is applied to the vertical 
deflection terminal of the CRO which is related to the 
flux density (B) of the specimen by the equation derived(l 4 ) 
in Appendix B: 
• B (2-2) 
where A is the active cross-sectional area of the specimen. 
The specimens under test were prepared in the shape of 
toroids. The windings were wound by machine evenly distri-
buted over the entire surface of the core so that reluc-
tance and magnetizing force could be made uniform at all 
the points in the core. The source of power used to 
excite the specimen was a sine wave with low distortion. 
The integrating circuit impedance was kept high in order 
to avoid loading effects on the secondary coil. 
The hysteresis loops photographed from cathode-ray 
oscilloscope for various samples at different frequencies 
are shown in Figure 2 through 13. The results obtained 




N = 630 turns p 
R = 51.5 ohms p 
Frequency = 60 hertz 
N8 = 600 turns 
R8 = 39,400 ohms 
V = 4.08 Microfarads 
Horizontal scale - 1 volt = 3.2 em 
Vertical scale - 1 volt= 9.6 em 
Figure 2: Hysteresis Loop, Specimen No. 1 
8 
- ----------- ---
NP = 620 turns N5 = 600 turns 














RP = 84.4 ohms 
Frequency = 60 hertz C = 4.08 Microfarads 
Horizontal scale - 1 volt = 3.2 ern 
Vertical scale - 1 volt = 9.6 ern 
Figure 3: Hysteresis Loop, Specimen No. 2 
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NP = 615 turns N5 = 600 turns 











RP = 36.1 ohms 
Frequency = 60 hertz C = 4.08 Microfarads 
Horizontal scale - l volt = 3.2 ern 
Vertical scale - l volt= 9.6 ern 
Figure 4: Hysteresis Loop, Specimen No. 3 
NP = 630 turns Ns = 600 turns 
Rs = 39,400 ohms 
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RP = 51.5 ohms 
Frequency = 60 hertz C = 4.08 Microfarads 
Horizontal scale - 1 volt = 3.2 em 
Vertical scale - 1 volt= 9.6 em 
Figure 5: Hysteresis Loop, Specimen No. 4 
NP = 610 turns 
~ = 2 9 . 7 ohms 
N8 = 600 turns 
R8 = 22,700 ohms 
12 
Freque ncy - 1,000 hertz C = 2.60 Microfarad 
Horizontal scale - l volt = 3.2 ern 
Vertical scale - 1 Millivolt = 2 .4 ern 
Figure 6: Hyste resis Loop, Specimen No. 1 
NP = 620 turns 
RP = 29.7 ohms 
N8 = 600 turns 
R8 = 22,700 ohms 
13 
Frequency = 1,000 hertz C = 2.58 Microfarads 
Horizontal scale - 1 volt = 3.2 ern 
Vertical scale - 1 Millivolt= 2.4 ern 
Figure 7: Hysteresis Loop, Specimen No. 2 
J 
j 
NP = 615 turns 
~ = 29.7 ohms 
.. 
N5 = 600 turns 












Frequency = 1,000 hertz C = 2.58 Microfarads 
Horizontal scale - 1 volt = 3.2 em 
Vertical scale - 1 Milli volt = 2.4 ern 







NP = 630 turns 
RP = 29.7 ohms 
Frequency = 1,000 hertz 
N5 = 600 turns 
R5 = 22,700 ohms 
C = 2.58 Microfarad 
Horizontal scale - 1 volt = 3.2 ern 
Vertical scale - 1 Millivolt = 2.4 ern 
Figure 9: Hysteresis Loop, Specimen No. 4 
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\ 
NP = 225 turns 
RP = 14.9 ohms 
N5 = 304 turns 













Frequency = 10,000 hertz C = 0.014 Microfarad 
Horizontal scale - 1 volt= 0.85 em 
Vertical scale - 1 volt = 1.0 em 
Figure 10: Hysteresis Loop, Specimen No. 1 
, . 
• 
NP = 248 turns N8 = 250 turns 





RP = 16. 5 ohms 
Frequency= 10,000 hertz C = .011 Microfa~ad 
Horizontal scale - 1 volt= 0.85 em 
Vertical scale - 1 volt = 1.0 em 







NP = 250 turns N5 = 250 turns 


















RP = 17.8 ohms 
Frequency= 10,000 hertz C = 0.01 Microfarad 
Horizontal scale - 1 volt= 0.85 em 
Vertical scale - 1 volt = 1.0 em 











Frequency = 10,000 hertz 
Horizontal scale -






= 250 turns 













= 0.01 Microfarad 
= 0.85 em 
1.0 em 
Figure 13: Hysteresis Loop, Specimen No. 4 
H B 







60Hz 1000Hz lO,OOOHz 60Hz 1000Hz 
.45 .60 24.94 3800 3600 
.35 .45 20.42 3600 3500 
1.18 1.19 34.88 2400 2800 
.82 .97 38.43 2900 2900 
Table II. Coercive Force and Maximum Flux Density 











B. Q Versus Frequency Characteristics 
Q, the ratio, of the stored energy to the dissipated 
energy of a material of the coil has a great significance 
as a figure of merit of the material. 
Thus, 
Q = Energy stored per cycle 
Energy loss per cycle 
Q versus frequency curves for various specimens were 
obtained by the General Radio, Impedance Bridge, Type 
1650-A. The impedance bridge was externally excited by 
an audio oscillator to meet the wide range of frequency 
requirements. The frequency range used extends from 50 
hertz to 5,000 hertz. Further extension in the frequency 
range became difficult due to the presence of higher 
degree of harmonics which further made it difficult to 
balance the bridge. Figure 14 shows the block diagram of 
the circuit used for measuring Q at various frequencies. 
After connecting the external audio oscillator to 
the external terminals of the impedance bridge in the 
manner shown in the block diagram of Figure 14, the detec-
tor switch was switched to the flat frequency position and 
the functional switch to the A.C. external position. After 
proper adjustment of inductance and CRL dial scale, cali-
brated in Q, the bridge was balanced for null position and 




Audio Impedence Bridge 
Oscillator I I 1 1650-A Type 





head-phone was also connected in the detection terminals 
of the bridge in order to achieve better null position. 
Then by varying the frequency and excitation voltage 
level of the audio oscillator the bridge was balanced 
and the values of Q were taken. 
Test coils used in this test were the same specimens 
as those used in the B-H characteristics tests. Each coil 
was wound with 250 turns of No. 38 gauge standard wire. 
The supply voltage of the bridge for each coil was kept 
below the core saturation level because of the presence 
of higher harmonics which made it difficult to balance 
the bridge without changing the level of the supply voltage. 
Table III gives the values of Q and the voltage across 
each of the coils at various frequencies. The voltmeter 
used for measuring the voltage across the coils was kept 
out of the bridge circuit during the balancing of the 
bridge to obtain better results. Q versus frequency curves 
thus obtained for all the four specimens are shown in 
Figures 15 through 18. 
C. Initial Permeability 
As the magnetization of the core is made smaller and 
smaller the permeability of the magnetic material approaches 
a constant value much greater than one. According to the 
Rayleigh relation for extrapolating the ~,H curve to zero 
field strength to determine initial permeability; initial 
Specimen 
No. 1 
Frequency RMS RMS Hz Saturation Applied Q 
Voltage Voltage 
40 .055 .015 0.23 
60 .082 .022 0.36 
80 .110 .025 0.48 
100 .138 .029 0.64 
150 .207 0 012 0.81 
200 .276 .026 1.18 
300 .414 .034 1. 74 
400 .552 .035 2.20 
500 .690 .025 2.75 
600 .828 .035 3.3 
800 1.10 .035 4.24 
1000 1. 38 .035 5.25 
2000 2.76 .045 9.4 
3000 4.14 .081 13.56 
4000 5.52 0.20 16.8 
5000 6.90 0.30 18.8 
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No. 3 No. 4 
RMS RMS RMS RMS 
Saturation Applied Q Saturation Applied 
Voltage Voltage Voltage Voltage 
.227 .01 .088 .185 .008 
.340 .015 .12 .277 .013 
.454 .016 .15 .370 .004 
.567 .017 .19 .463 .004 
.85 .021 .29 .695 .005 
1.13 .017 .40 .926 .005 
l. 70 .012 .52 l. 39 .0064 
2.26 .008 .75 l. 85 .006 
2.83 .012 .99 2.31 .015 
3.40 .02 1.17 2.77 .02 
4.54 .015 l. 52 3.70 .028 
5.67 .018 1.9 4.63 .025 
11.3 .025 3.6 9.26 .05 
17.0 .03 5.4 13.9 .10 
22.6 .065 7.0 18.5 .115 
28.3 .09 8.5 23.1 .110 













































































































Figure 16: Q Versus Frequency Specimen No. 2 
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10 100 1,000 
Frequency, Hz. 





permeability (~ 0 ) is the finite slope of the magnetization 
curve, starting from the origin in the first region of the 
magnetization curve, at a sufficiently low magnetic field(?). 
Under these conditions and using the same circuit as 
in Figure 1 the hysteresis loop of minimum possible flux 
density was measured to determine the initial permeability. 
The initial permeability for all the specimens was deter-
mined, for convenience, at 1,000 hertz. The voltage 
excitation level was kept at a minimum. A sine wave of 
very low distortion was used to excite the specimens. 
Thus, under these conditions the hysteresis loop obtained 
was of the form as shown in Figure 19. The slope of the 
line thus obtained joining the tips C, D, as shown in 
Figure 19 with the minimum possible flux density hysteresis 
loop was considered to be practically the same as initial 
permeability. 
Table IV represents the values of-initial permeability 
of all the specimens under test obtained from this method. 
The photographs taken are presented in Figures 20 through 
23. The initial permeability at much lower flux densities 
for each specimen could not be measured because of the 
harmonic distortion and high phase shift given by the B 









DE = H 
Figure 19: Representation of Hysteresis Loop 
at Very Low Field Strength 
31 
Specimen H B Initial 
No. Oersteds max Permeability gauss · gauss /oersteds 
1 0.3003 563.2 1875 
2 0.3780 524 1344 
3 0.6458 414 642.5 
4 0.6063 402.4 663.8 
--- - - --------









Figure 20: A set of hysteresis loops at various 
excitation levels of Specimen No. 1 
33 
Figure 21: A set of hysteresis loops at various 








Figure 22: A set of various hysteresis loops 
at different excitation levels of 










Figure 23: A set of various hysteresis loops 
at various excitation levels of 













D. Relative-Loss Factor (1/~ Q) Versus Frequency 
Curves 0 
The factor l/~ 0Q is known as the relative-loss 
factor of a meterial and it is sometimes considered to 
be useful index of efficiency for design applications(S) 
This factor, in other words, reflects the relative losses 
in the specimens and it varies with the different ferrite 
materials. Since the electrical and magnetic properties 
of ferrite materials are highly dependent upon many factors 
which affect the arrangement of metal atoms in the crystal 
structure and the chemical homogeneity of the sintered core 
material, the relative-loss factor varies greatly for the 
different ferrite materials. This factor varies according 
to the specimen size and the process of manufacturing and 
also depends upon the purity and "activity" of the con-
stituent oxides present in the core, the heat treatment, 
and the atmosphere in which the core was sintered and 
then cooled(g). 
In this factor ~O is the initial permeability and Q, 
the material Q(2~fL/R ) which represents the reactance of 
m 
a winding on a core per unit of core loss, as indicated in 
Figure 24. The term R is the effective series resistance m 
arising from the core loss in the material. 
It is easy to say that a low value of 1/~0 0 is desired 
since a higher value of ~ 0 will produce a larger amount of 
Rc Rm Ls 
Rc = Winding resistance 
Rm = Effective series resistance 
Ls = 
Re = 
Inductor Q = 
Material Q = 













Where f is the frequency in hertz 
Figure 24: Representation of core-loss Rm 
as a series resistance 
38 
inductance L per turn, which can be used to provide 
a coil from a smaller volume of material. 
39 
In the case of core material surrounded by windings 
a higher value of ~O will reduce the leakage flux and 
improves the air gap flux density, and a higher value of 
Q means less loss per cycle. The relative-loss factors 
vary with the frequency range and can be used to determine 
the core materials best frequency range. 
The initial permeability measured at 1,000 hertz, 
for all specimens, has been considered to be the same in 
our frequency range of consideration. These have been 
compared with existing published material on zinc-
manganese ferrites(B). The values thus considered were 
taken from Table IV for initial permeabilities of all 
specimens. The Q versus frequency characteristics for the 
specimens under test were taken from Table III. By com-
bining these two characteristics the plots of the relative-
loss factor with frequency were drawn for each specimen 
and are presented in Figures 25 through 28. The values of 















0.1 10 100 1,000 
Frequency, Hz. 





















Figure 26: Relative-Loss Factor (1/~ 0Q)Versus Frequency, 


















10 100 1,000 10,000 
Frequency, Hz. 
Figure 27: Relative-Loss Factor, (l/~ 0Q) Versus Frequency, 

















1. 0 I I I I I I II II I I I I I I I II I I I I I I I II 
10 100 1,000 10,000 
Frequency, Hz. 
Figure 28: Relative-Loss Factor (1/~ 0Q) Versus Frequency, 




Specimen Specimen Specimen Specimen Frequency 
No.1 No.2 No.3 No.4 in Hz 
23xl0- 4 25x65xl0- 4 l76.8xlo- 4 l43.7xl0 -4 40 
14.8xl0 -4 16.53xl0 -4 l29.5xl0 -4 72.14xl0 -4 60 
ll.07xl0 -4 12.0xl0 -4 97.8xl0 -4 65.5xl0 -4 80 
8.3xl0 -4 10.05xl0 -4 81.5xl0 -4 57.7xl0 -4 100 
6.58xl0 -4 8.86xl0 -4 54.0xl0 -4 38.8xl0 -4 150 
4.52xl0 -4 4.96xl0 -4 39.lxl0 -4 28.8xl0 -4 200 
-4 -4 -4 -4 3.06xl0 3.49xl0 30.lxl0 15.06xl0 300 
-4 -4 -4 -4 2.42xl0 2.09xl0 20.8xl0 l4.3xl0 400 
-4 -4 -4 -4 l.94xl0 l.52xl0 l5.6xl0 11. 2xl0 500 
-4 -4 -4 -4 600 l.62xl0 l.42xl0 l3.3xl0 l0.4xl0 
-4 -4 -4 -4 800 l.26xl0 l.05xl0 l0.23xl0 8.48xl0 
-4 -4 -4 -4 1000 l.02xl0 0.63xl0 8.19xl0 5.58xl0 
-4 -4 -4 -4 2000 
.567xl0 0.44xl0 4.32xl0 2.87xl0 
-4 -4 -4 -4 3000 
.393xl0 0.36xl0 2.88xl0 l.93xl0 
-4 -4 -4 -4 4000 
.317xl0 .304xl0 2.22xl0 l.53xl0 
-4 -4 -4 -4 5000 
.283xl0 .272xl0 l.83xl0 l.2xl0 
Table V: Relative-Loss Factor Values 
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III. COMPARISON OF THEORETICAL AND EXPERIMENTAL 
RESULTS 
According to NEMA Standards a Fractional Horsepower 
motor is defined as a motor built on a frame smaller than 
that having a continuous rating of 1 hp, open type, at 
1700-1800 rpm. This means that in fractional horsepower 
motor design, size of the motor is one of the important 
factors to be considered along with other important 
factors such as core-losses, copper-losses, torque, 
efficiency and cost. 
In this chapter a study of the design of fractional 
horsepower motors is pursued. In this tentative analysis 
a comparison between the magnetic material used in the 
construction of an existing motor design with a stator 
flux density of approximately 16,000 gauss and the material 
found highest in saturation flux density among the four 
specimens investigated, has been used for a preliminary 
comparison. The stator flux density of the ferrite speci-
men included in the above study was found to be 4,000 
gauss. This comparison was carried out on the basis of 
frame size, torque, efficiency and core-losses. For this 
. . ( 10) 
study a standard laminated 1ron core des1gn problem 
was chosen in lieu of a complete motor designed for ferrite 
cores which will be the subject of a future study. The 
46 
specifications of the laminated core motor chosen were: 
1 hp, two poles, 60 cycles, 115/230 volts, 
Breakdown torque, 58 oz-ft min., 
Locked-rotor torque, 61 oz-ft. 
Locked-rotor amps., 63 or less, 
Maximum outer diameter or stator punching 
7 1/2 inch. 
It was further assumed that the ferrite material 
replaced the laminated iron stator and rotor material 
in the motor. It was not expected that the ferrite core 
would compare favorably with the iron core in this motor 
design since this motor was designed for laminated iron 
cores. Never the less as a first comparison this compu-
tation was made. All the dimensions were kept the same. 
Thus, under these conditions the torque produced by the 
motor using the tested material, would be one sixteenth of 
that produced by the motor being considered above. This 
is because the flux density ratio is 1:4 and the torque 
is approximately proportional to the square of the flux 
density, as the value of slip in both cases remains the 
same. Further, in order to increase the stator flux to 
the same value, the number of conductors of the main 
winding needs to be increased from 237 conductors to 
approximately 800 conductors. In doing so it was further 
estimated that the value of the resistance of the main 
47 
winding will increase from 0.890 ohms to 6.26 ohms. The 
reactance of the main winding will also increase many 
times the original reactance. This is because of the 
fact that the cross sectional area of the conductors 
will be smaller than the original and more conductors 
have to be housed in the same size of stator slots. Thus, 
increasing the number of turns of the main winding does 
not appreciably improve the torque of the motor because 
the copper losses were also increased. The torque 
developed in this case was estimated to be one twelfth 
of that produced by the motor considered in the above 
design problem. 
As far as the hysteresis and eddy-current losses of 
the test material are concerned in the design of the 
motor, both would be very low as compared to the material 
presently being used, but because of high copper losses 
this advantage is also lost. The efficiency of the motor 
will also be very low. Table VI represents the comparison 
of eddy-current and hysteresis losses combined, calculated 
by measuring the areas of hysteresis loops of all the 
specimens and the laminated steel toroid sample provided 
by the Emerson Electric Company of Saint Louis at a fre-
quency of 60 hertz. 
The advantages of using ferrite core material in 
electric motors are as follows: 
Laminated Steel Specimen Specimen Specimen 
Sample No. 1 No.2 No.3 
.000876 .00000226 .00000172 .00000343 
watt/cc/sec watt/cc/sec watt/cc/sec watt/cc/sec 







1. The easy manufacturing process of molding 
that might be developed, thus cutting 
down the cost of laminations which is not 
necessary for ferrite materials. 
2. Low copper losses might be possible in the 
design of the winding because of lower 
current flowing in the conductors. 
3. Very low hysteresis and eddy current loss 
in the ferrite material. 
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It is clear from the above comparision that it is necessary 
to design a motor specifically to use ferrite cores to 
best utilize their desirable properties and obviate the 
disadvantage of their much lower saturation flux density. 
(Since these measurements were made continued improvement 
in the ferrite processing in the Ceramic Engineering 
Department has resulted in saturation flux density as 
high as 5,500 gauss which reduces this disadvantage some-
what) . 
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IV. CONCLUSIONS AND RECOMMENDATIONS 
The maximum flux density ferrites known (approaching 
approximately 6000 gauss) appear to be worth investigating 
for use in fractional horsepower motors. However, the 
need for designing a motor specifically around this new 
core material has been demonstrated. 
Although the magnetic characteristics show promise 
other considerations need to be studied to establish the 
stability of ferrites in motors of particular design. 
These considerations include mechanical strength, weight 
and volume requirements, fabri~tion of rotor and stator 
shapes, chemical and electrical compatibility of core 
during fabrication and during operation. 
Considering all the parameters in the design of frac-
tional horsepower motor with respect to present achieved 
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DERIVATION OF EQUATION 2-1 
A toroid wound with NP turns as shown in the circuit 
of Figure 1 can be regarded as an endless solenoid because 
of its circular shape. The expression for the field 
strength within the torodial coil will be equal to the 
work which must be done to carry a unit positive pole in 
the opposite direction to the lines of force in the 
torodial coil, round its circular path. 
Since the specimen was wound uniformily and con-
sidering a uniform magnetic field strength H within the 
toroid, the work done, W, will be: 
W = H.2nr (1) 
Also, the work done in moving a unit pole round a 
conductor carrying a current of I amperes, will be(ll), 




Since the number of conductors enclosed by the magne-
tic path in the toroid are NP, then W: 
Equating equations (1) and (2) 
H = 0.4TINpi/Lm (Lm = 
55 
(2) 
2rrr, mean magnetic 
path) 
Assuming ER be the instantaneous voltage drop across 
resistor RP and I being the current in the winding then: 
I = 
Substituting the value of I in the above equation the 
value of magnetizing force H will be: 
Therefore, ER = • H ( 2-1) 
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APPENDIX B 
DERIVATION OF EQUATION 2-2 
Consider the secondary winding of the toroidal core 
of magnetic material, shown in Figure l and assume that 
the vertical deflection voltage of the scope be represen-
ted by the flux, ~, which is uniformly distributed over 
the cross-section of the core. 
Then the developed voltage Es, on the secondary 
winding of N turns of the test core is: 
s 
E = N 
s s 
(1) 
The impedance of the RC integrating circuit was kept high 
to reduce the loading effects of the secondary circuit 
on the primary at the test frequency. 
Therefore, the secondary current can be given: 
I = E /R 
s s s 
Let Rs be the total resistance in the entire secondary cir-
cuit and keep the ratio of R :1/wC equal to or greater than 
s 
250:1. 
The voltage drop across the capacitor E becomes c 
E 1 c I dt 1 c E dt (2) = c = R C c s s s 0 0 
Substituting Equation (1) into Equation (2) the 




N 51 s 
10 8R C 
s 
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Since flux, 51, is uniformily distributed over the 
cross-section area of the core 
Then, 
E = c 
N 
s 









(1) A = Cross-sectional area of core material, cm2 
(2) B = Flux density within core, gauss 
(3) B = Maximum flux density within the core, gauss 
rn 




= Voltage across capacitor C applied on vertical 
deflecting plate of oscilloscope 
(6) 
( 7) E 
s 
= Voltage across resistor RP in the primary 
circuit applied on horizontal deflecting 
plate of oscilloscope 
= Instantaneous induced voltage in the secondary 
winding, volts 
(8) H =Magnetic field intensity, oersteds 
(9) I = Current flowing in the primary winding, amperes 
(10) I = Secondary current in the secondary winding, 
s 
amperes 
(11) L = Inductance of coil, henries 
(12) 
( 13) 
L =Mean length of core, ern 
rn 
NP Number of turns on primary winding 






( 2 0) 
r = Mean radius of the core, ern 
Rp = Resistance (see Figure 1) 
Rs = Resistance (see Figure 1) 
JJo = Initial permeability 
)J = Permeability 






Ram Saran Bhatia was born on November 1, 1944 in 
Bakloh, India. He received his high school education 
from Govt. High School, Kakira, Himachal Pradesh, India. 
~fter that he attended the D.A.V. College, Chandigarh 
and passed the Pre-Engineering examination of the Punjab 
University. He completed his undergraudate work in 
Electrical Engineering in the Central Polytechnic 
Chandigarh, India. 
He was employed as an Sectional Officer, electrical, 
in the construction and design, with the Capital Project 
Chandigarh, Union Territory, India until March, 1969. 
The author has been enrolled in the Graduate School 
of the University of Missouri-Rolla since September 1969 
and has been a candidate for the Master of Science degree 
in Electrical Engineering. 
